ABSTRACT -(An overview of invasive plants in Brazil). Alien plants are known to occur in Brazil since the 18 th century when African grasses started to be recorded in pastures near Rio de Janeiro. In the beginning of the 19 th century two royal decrees (July, 1809 and July, 1810) offered grants and tax exemption to everyone who would introduce plants of economic value. Nowadays, there are 117 plant species recognized as invasive or established and with invasive potential in Brazil and an unknown number of introduced plant species. Some of the most pervasive invasive species are Artocarpus heterophyllus Lam. and Hedychium coronarium König in tropical ombrophilous forest, Hovenia dulcis Thunb. in subtropical ombrophilous forest and subtropical semi-deciduous forest, Pinus taeda L. and Pinus elliottii Engelm. in subtropical ombrophilous forest and steppe, Prosopis juliflora (Sw.) DC. in stepic-savanna, Tecoma stans (L.) Juss. ex Kunth in tropical and subtropical semi-deciduous forest, Melinis minutiflora P. Beauv. in the Brazilian savannas, and Eragrostis plana Nees in the steppe. The purpose of this article is to fill a knowledge gap on alien species that are invasive in Brazil and where they are invading by summarizing data obtained by joint efforts of the Hórus Institute for Environmental Conservation and Development, The Nature Conservancy (TNC), the Inter-American Biodiversity Information Network (IABIN) invasive species thematic network (I3N), and the Brazilian Ministry of Environment (MMA) in the last six years.
Introduction
Invasive alien species are one of the most severe threats to the conservation of native species, communities and ecosystems (Vitousek et al. 1996 , Wilcove et al. 1998 , Traveset & Richardson 2006 and require urgent attention in many parts of the world (Mack et al. 2000) . However, when data is lacking on which species are invading and where they are invading conservation planning strategies and public awareness are limited and ineffective. A critical first step to raise awareness and increase conservation efficiency is an invasive species assessment based on existing information (Wittenberg & Cock 2001) .
Brazil has the highest plant diversity in the world with two biodiversity hotspots recognized for conservation priorities: Cerrado (Savanna) and Atlantic Forest (Myers et al. 2000) . More than half of the country (ca. 8.5 million km 2 was originally covered by Amazon Forest, the world's largest tropical forest, while the other half was covered by Atlantic forests, steppes, savannas, wetlands and semi-arid ecosystems (Veloso et al. 1992) . However, little is known about the threats posed by invasive alien species to biodiversity and natural resources within these ecosystems.
The earliest records of an invasive alien plant species in Brazil is of African grasses in pastures near Rio de Janeiro (South-Eastern Brazil) from the early 18 th century. Of these first recorded grasses several species are still invasive today such as Urochloa maxima (Jacq.) RD. Webster, Hyparrhenia rufa (Nees) Stapf, Urochloa mutica (Forssk.) T.Q. Nguyen, and Melinis minutiflora P. Beauv. (Dean 1996) . Data on the source of these introductions is often lacking (i.e. deliberate introductions for animal forage or accidental introductions via dry ballast or other vectors), but these species are currently used as forage grasses, with some of them subjected to genetic improvements (see Cook et al. 2005) .
Early in the 19 th century two royal decrees (July, 1809 and July, 1810) offered grants and tax exemptions to everyone who introduced plants with economic value (Dean 1996) . Probably due to incentives like these, the French naturalist Auguste de Saint-Hilaire recorded a great diversity of plants upon his visit to São Paulo in 1818. Most of the species he wrote about were brought from Europe but native to many different parts of the world. Among them were the currently invasive species Sechium edule (Jacq.) Sw., Artocarpus heterophyllus Lam., Elaeis guineensis Jacq., and Ricinus communis L. (Dean 1996) . Saint-Hilaire also documented the spread of Melinis minutiflora in the Cerrado (Savanna) in 1824 (Lima 2002) .
Currently, despite the existence of extensive number of global and regional databases and information networks on invasive species (Meyerson & Mooney 2007) , information concerning invasive alien species in Brazil is largely unavailable in the scientific literature (Petenon & Pivello 2008) . The purpose of this article is to fill a knowledge gap on species that are invasive in Brazil and where they are invading by summarizing data obtained by joint efforts of the Hórus Institute for Environmental Conservation and Development, The Nature Conservancy (TNC), the Inter-American Biodiversity Information Network (IABIN) invasive species thematic network (I3N), and the Brazilian Ministry of Environment (MMA) in the last six years.
Material and methods
The current article is an overview assessment of invasive plants in Brazil that attempts to summarize existing information gathered from field observations, interviews and literature reviews in the last six years. The data used for compiling a species list was gathered from the I3N Brazil (IABIN Invasive Species thematic network) database (I3N Brazil 2010) . This database contains occurrence records for non-native species which are already invasive or have invasive potential in Brazil, but does not provide a full record of the habitats where the species are found. Invasive species' occurrences are organized by phytophysiognomy using the nomenclature proposed by Veloso et al. (1992) , in Portuguese, and by physiognomic-ecological classes following UNESCO (1973) , in English. These are the physiognomies where the exotic species are considered invasive in Brazil and, on times, species also native to Brazil are considered invasive in physiognomies where the species are not known to occur historically and naturally. The data are available for public consultation and open to criticism and review. The present overview only mentions invasive species in natural habitats, and does not consider data from urban or suburban areas.
The species in the I3N database are classified as invasive based on their aptitude to establish and spread in a new habitat without direct human assistance after their introduction, while introductions are almost always likely mediated by human assistance, deliberate or accidental. The presence of a species in the database, and therefore in this overview, does not provide relationship to direct impacts or threats. We verified species for their history of invasion elsewhere when they were merely listed as established in Brazil.
Local references are related to municipalities or geographical references and to phytophysiognomy according to the Brazilian Classification System for Vegetation (Veloso et al. 1992) . The phytophysiognomies were than matched to the physiognomic-ecological classes (UNESCO 1973) as the former is an adaptation of the later. We used GIS (Geographic Information System) techniques to merge points of occurrence in the database with corresponding ecoregions (sensu Olson et al. 2001 ). We chose not to directly translate the Brazilian classification system for vegetation to English because the translated names would not fully enclose the concepts behind each class and thus could potentially disconnect the information from its primary source.
We filtered the data to select only invasion and establishment records and to remove occurrences not related to municipalities, as well as records of plants in urban and suburban areas. The status of "established" refers to species which are reproducing locally, and "invasive" refers to species that are reproducing and spreading beyond their points of introduction. Although the presence of species was always confirmed by checking the source (i.e. a specialist, a scientific publication, or a list of plants), we also used field observations, interviews and literature reviews from the last six years to compile a series of informative case studies that collect most of the knowledge available on the impacts of invasive alien plants in Brazil.
Results
The alien plant species known to invade natural habitats in Brazil are listed in table 1. There were 3,320 database records for "invasion" or "establishment" (figure 1) of 117 different plant species (table 1) However, the invasive plant species covering the largest number of phytophysiognomies are Ricinus communis, Hedychium coronarium, Melinis minutiflora (all present in 12 phytophysiognomies), Pinus elliottii (present in 11), Acacia mearnsii (present in 10), Tecoma stans, and Azadirachta indica (both present in 9). Species also worth mentioning due to their relevance as invasives, but present in fewer phytophysiognomies are Artocarpus heterophyllus in tropical ombrophilous forest, Hovenia dulcis in subtropical ombrophilous forest, Prosopis juliflora in Steppic-savanna, and Eragrostis plana in Steppe.
Phytophysiognomies with the highest number of invasive alien plants are, in descending order: tropical ombrophilous forests (69 invasive alien species recorded), tropical and subtropical semi-deciduous forests (60), herbaceous and half-woody salt swamps (45), steppes (40), shrublands or savanna (36) and steppic-savanna (34). As would be expected (figure 1), phytophysiognomies in the Amazon region have the lowest numbers of invasive alien plants recorded (13 species) and very few occurrence records (173 occurrences or ~5% of the total).
Most documented invasive alien plant species in Brazil are related to human activities and to accessibility by roads, which are greatly lacking in the Northern region. Additionally, many species were intentionally cultivated at some stage even if the original introduction was accidental. Examples includes Eragrostis plana, a plant accidentally introduced but then cultivated as a forage grass, and Cyperus rotundus, cultivated as a medicinal plant.
In order to illustrate the status of biological invasions in Brazil, a few case studies are presented below. We think these case studies also represent a large proportion of the published scientific knowledge available on invasive alien plants for the country.
Eragrostis plana was accidentally introduced as a seed contaminant of Chloris gayana Kunth seed shipments in Rio Grande do Sul State (extreme south of Brazil) in the 1950s. After introduction, E. plana outcompeted the native species Aristida sp. in pastures, which was considered a serious agricultural weed and problem for cattle ranching at the time. Eragrostis plana was therefore considered a viable forage alternative (Reis 1993) , which led to large promoting and planting of it as a crop species in Southern Brazil. Only later did ranchers notice that the species was too fibrous when mature. Cattle would either not feed on it (Reis 1993) or would not gain weight when feeding on it. The species is currently established on more than two million hectares of mostly degraded or overgrazed steppes in Rio Grande do Sul state, also occurring in smaller extent in Santa Catarina, Paraná, São Paulo, Mato Grosso, Mato Grosso do Sul, Bahia, Tocantins and Pará and in the Distrito Federal (Medeiros & Focht 2007) , as well as in Uruguay. The species has reported allelopathic effects, especially on species with late germination cycles, from decomposition of plant tissues (Ferreira et al. 2008) . It also produces higher root biomass than most native grass species and is more efficient in resource acquisition (i.e. water and nutrients) in soil layers between 0 and 10 cm (Abichequer et al. 2006) . The species is neglected by cattle and thus in highly invaded steppes there are severe economic losses due to the low yield in feeding animals with this forage grass (Marcantonio 2002) . Seeds remain viable in the soil more than 24 years when located 20 cm below the soil surface (Medeiros & Focht 2007) , potentially making the eradication of the species in invaded sites highly unlikely.
Melinis minutiflora was first recorded in Brazil in 1824, after spreading into deforested areas following several human induced fires (Lima 2002) . Nowadays this grass is abundant in many areas, especially in the Cerrado (Pivello et al. 1999) . The spread of M. minutiflora is correlated to a decrease in native species richness in the invaded sites (in experimental plots in the Brasilia National Park the number of native species decreased from 54 in 1997 to 20 in 2001). This has been attributed to a positive feedback where M. minutiflora increases the fuel loads which increase fire temperatures. When seasonal fires reach these higher temperatures they eliminate the seed bank of most species and allow the invasive grass to dominate the burnt areas (Hoffman et al. 2004 , Martins et al. 2004 . Moreover, the grass reduces the regeneration of native plants, as shown for Cecropia pachystachya Trécul in riparian areas (Morosini & Klink 1997) .
Native to Mexico and Southern United States, Tecoma stans was introduced in Brazil for landscaping around 1871 and now occupies more than 10,000 hectares of degraded Alto Paraná Atlantic Forests (Bredow et al. 2004) . It forms dense thickets and resprouts vigorously. The loss of pastures and agricultural areas to invasion induces farmers to abandon areas and generates an annual loss of US$ 7,500,000 for the cattle industry (Pedrosa-Macedo 2004) . It is forbidden to use, transport or commercialize the species since 1997 in Paraná State (Resolução Estadual n o 151/1997). Prosopis juliflora is a legume tree native to Central America (Palacios 2006) and was introduced as a forage alternative in the 1940's in the Caatinga region, Northeastern Brazil (Pegado et al. 2006) . The Brazilian Federal government promoted the distribution of seedlings of P. juliflora in the 1980's, which led to populations scattered across the northeastern states and the Caatinga biome. Some reports note that invaded areas have around 87% cover of P. juliflora, drastically changing the diversity and structure of native forests (Pegado et al. 2006) . In invaded riparian areas in Bahia the species represented 60.8% of the forest regeneration (1,255 seedlings ha -1 ), followed by another invasive alien plant Parkinsonia aculeata L. which represented 4.3% (89 seedlings ha -1 ). Seedlings of other 120 adult native plants occurring in the area shared the other 34.9% of the forest regeneration (P.C.F. Lima & L.H.P. Kiill, unpublished data) .
Artocarpus heterophyllus is native to high elevation locations (above 1,110 m) on the Ghats Mountains in India and the Malay Peninsula (Sahni 2000) . It was one of the first alien trees introduced in the Atlantic forest region (Dean 1996) . The presence of the species is usually associated with human occupation and it benefits from cultivation as a fruit tree and as an ornamental. Areas invaded by A. heterophyllus are found to have higher densities of native rats in comparison to natural forests without the alien plant (Bergallo et al. 2009 ). Also, the diversity of seed species dispersed by rats also decreases with the increase of A. heterophyllus densities (Bergallo et al. 2009 ). This pattern could lead to a decrease of native plant abundance and to the increase of A. heterophyllus dominance over the long term.
Discussion
Limitations -We found that there is some ability to quantify the species and habitats invaded by reviewing plant occurrence records within the I3N Brazil database. Yet, this database has some limitations in discriminating major and minor invasive plant species within each ecoregion and habitat and across Brazil. Records of occurrences are basically presence records and contain no data on the size and density of occupied areas, or on the dynamics of invasive species at different locations. Therefore, it is not possible to assume that a larger number of records represent a larger area of occurrence. Additionally, as in many records of occurrence in plant databases, it is not possible to determine absences as they are potentially related to the lack of information available or to the presence of the species in a status different than established or invasive (i.e. contained, naturalized, present only in urban areas or unknown).
"Established" refers to species which are reproducing locally, and "invasive" refers to species that are reproducing and spreading beyond their points of introduction. Although this definition may be clear, it is difficult for observers to be sure about the status of invasion in the field, especially as these are often side observations done while performing other work in restoration, animal or plant surveys, or just field expeditions. The lack of expertise on biological invasions in Brazil may also lead to confusion between invasive, established or present species in given habitats. For example, it is crucial to differentiate invasions in well preserved natural habitats from invasions on degraded sites, such as road sides or pastures.
The knowledge available on invasive alien floras and plant species is highly heterogeneous in the country (figure 1), thus comparing species presence and/or invasion status across regions or any other spatial scale is not encouraged. However, historical differences among regions and differences in land use might explain some of the differences in numbers of invasive species. While some regions are more studied than others, with the south and southeast having received more attention than the north and central-west, there is also much variation in the level of ecosystem intactness across the landscape. Also, the number, diversity and intensity of pathways and vectors transporting invasive alien species varies tremendously across regions.
It is clear that a country as large as Brazil has an enormous challenge assessing its biota due to its size and diversity of ecosystems and landscapes. This overview assessment of plant invasions in Brazil is far from complete or fully accurate. However, it is an initial step towards a better understanding of biological invasions and provides much-needed information for managers and scientists working on invasion issues in Brazil.
Implications for management -We show that, based on a cursory list of invasive species occurring in Brazil, there are many species that have received little to no attention from biologists. Yet, it is clear that invasive alien plants are important components of environmental change in Brazilian ecosystems based on the trend of decreased biodiversity in invaded areas and more research and action is urgently needed to address drivers and consequences of biological invasions. This research will support the implementation of more accurate management and control strategies as well as contribute towards a better theoretical understanding of biological invasions.
Conflicts of interest between those species deemed economically important and those that may prevent the achievement of environmental conservation goals need to be addressed urgently. Both private companies and governmental agencies promote the spread of invasive species (i.e. E. plana for pastures, P. juliflora for cattle and human feeding, and Elaeis guineensis for biofuels) and currently no regulations exist to contain, prevent, or control the spread of species. It is highly desirable that such policies are accompanied by criteria to establish production areas, and that, at the example of certification in Forestry, invasive species that yield economic benefits include prevention and routine control in their management. Some legal limitations are beginning to exist thanks to official invasive species lists issued by the states of Paraná and Santa Catarina, in the south of Brazil, restricting public nurseries to produce seedlings and the use of listed species in restoration and road stabilization efforts.
The country has a fragmented legal framework for dealing with invasive alien species; there are many areas of conflict and many gaps. Existing policies are ineffective in regulating economic activities that are driving the trade of invasive species. Brazilians are beginning to better understand and register the consequences of biological invasions and several promising initiatives are now starting. States are developing strategies for invasive alien species by creating official reference lists of invasive species, controlling and managing invasive alien species in protected areas and restricting the use of these species for certain purposes. The Ministry of Environment published a national strategy for invasive alien species in 2009 with support from a National Committee on Invasive Species involving different Ministries, environmental management and health agencies. This work needs to be supported and continued, aligned with the Convention on Biological Diversity.
It is also important to notice that most of the widely distributed invasive plants in Brazil (such as Pinus spp. and African grasses) are well known for their capacity to thrive under high levels of disturbance. It suggests that several invasions are a consequence of other disturbances rather than agents of disturbance themselves (see Vitousek et al. 1996) . Therefore, to maintain the quality of many Brazil's natural ecosystems, it is crucial to prevent and control invasions by alien species.
Implications for Ecology -This study shows that numerous opportunities to study the ecological consequences of invasions in extremely rich, diverse and heterogeneous ecosystems and landscapes exist. These opportunities are currently neglected by biologists and ecologists. Until recently, alien plants were ignored in floristic surveys leading to a lack of historical records and quantitative data on the presence of invasive alien plants in reports and in herbarium and museum collections. Most botanists who contribute material to Herbaria do not bother collecting non-native plants, though these would be precious and useful records for early detection, management and for understanding the spread of invasive species by providing historical records on habitat occupation and spread. For example, many species niche models rely on herbarium records to build species' potential distributions models and to predict suitable habitats for invasive species before they get there (i.e. Zenni et al. 2009 ).
Many recent (< 70 years) plant introductions have led to completely different colonization patterns. While some species became widespread quickly (i.e. Eragrostis plana and Pinus taeda) others are observed as less able to spread (i.e. several Eucalyptus species and Nerium oleander). The causes of these differences are open research questions, as the behavior of the species varies greatly in different climates, ecosystems and parts of the world. Richardson et al. (2008) recently questioned if pine invasions in South America could become as dramatic as they are in several other Southern Hemisphere countries such as South Africa and New Zealand. We believe the answer to be "yes" from current evidence in a number of countries (Simberloff et al. 2010) . However, more research on patterns and drivers of pine invasions in Brazil will much contribute to a more precise answer. So far we can only speculate.
There is equal urgency for increasing research, for qualified ecologists and biologists working on the ecology of invasions, for field managers and decisionmakers advancing control work, and for policy-makers supporting legal frameworks in the country and worldwide. Filling the sampling gaps (shown in figure  1) and acquiring knowledge about the dynamics and influences of invasions in different regions and habitats should be invasion biologists' first priority.
Further work -The next steps in invasion efforts should include quantifying invasions of alien plants, evaluating consequences of these invasions on the natural environment, defining priorities and implementing prevention and control strategies when relevant to biodiversity conservation. Thus, it is important that levels of invasion by alien species in different ecosystems are clearly defined as major, minor, incipient, or emerging invaders. Based on these distinctions, priorities should be set according to the potential impacts and the feasibility of eradication or control efforts. The publication of official invasive species lists is an important first step to provide support to managers and institutions to build up prevention and early detection techniques and regional strategies to mitigate the threats posed by biological invasions. Decentralizing these huge task from the federal government to state agencies and to municipalities should greatly help set priorities and understand impacts at the local level, and use these results to multiply the work across the country.
